In this paper, a wideband high-gain 2 × 2-element subarray is presented for 60 GHz applications. The antenna is fed with waveguide-fed cavity backed configuration and designed entirely via simple rectangular apertures. To improve radiation pattern characteristics and reduce the antenna size, steppedradiating apertures loaded with a solid dielectric material. A standard WR-15 rectangular waveguide is designed to excite the antenna at the input port over the operation frequency. The most significant advantage of using this design is its efficient radiation patterns, ability to decrease complexity and cost of fabrication. Simulated results demonstrate a maximum gain of about 19.5 dB, and the sidelobe level (SLL) of the antenna is less than -19 dB in E-and H-planes radiation patterns over the frequency range from 57.5 to 62.5 GHz. In contrast to previous works, the proposed antenna is much more simple to use in antenna array applications. Reduction in the number of radiating apertures and compact feeding networks will lower significantly the size and complexity of a large array with higher gain.
I. INTRODUCTION
Design of high-gain millimeter-wave (mm-wave) antennas is crucial for realizing mm-wave wireless communication systems. The strong oxygen absorption and the high propagation path loss in this frequency band is affected the development of mm-wave antennas [1] , [2] . Thus, design requirements for such antennas include highly directional pattern with high radiation efficiency. Antennas with high gain produce very directive narrow beam that can overcome severe path loss at mm-wave frequencies. Based on this demand, different kinds of high gain broadband antennas such as microstrip arrays, substrate-integrated waveguide (SIW) arrays, and corporatefed waveguide slot array antennas have been a subject of extensive research [3] - [5] . This letter presents a new profile waveguide aperture antenna with high gain, high efficiency and wide impedance bandwidth for the 60 GHz band applications. The antenna consists of a multilayer structure that are electrically connected together. The simulation results show that the proposed antenna covers impedance bandwidth of 5 GHz from 57.5 to 62.5 GHz. As a result, this antenna could be used as the basic element of a large array antenna. Fig. 1 shows the configuration of the proposed multilayer 2 × 2-element subarray antenna. The antenna consists of three layers, i.e., feeding-cavity, radiating layer, and dielectric layer. The radiating layer is composed of a set of four stepped rectangular waveguide designed to be symmetrical with respect to the center of the feeding-cavity. The aperture of the antenna is loaded with a dielectric material proposed to improve cross-polarization, aperture efficiency and gain characteristics without increasing the size of the antenna. The overall antenna is fed via a standard WR-15 rectangular waveguide at the bottom surface of the antenna to couple energy to the feeding cavity. As shown in Fig. 1 , the coupling is performed through the coupling slots at the top of the feeding cavity mainly used to couple power to the radiating layer. In this case, the coupling slot in the feeding cavity have the same size as a standard WR-15 rectangular waveguide. Metallic pieces in the feeding cavity are utilized to adjust the matching between the cavity and radiating layer.
II. DESIGN AND CONFIGURATION

III. SMULATION RESULTS
The designed subarray is analyzed using full-wave simulation software Ansoft HFSS. A parametric study of the impedance and radiation characteristics of the antenna has been performed over a frequency range of 57-64 GHz. The designed variables of the layers were carefully optimized to maintain a broadband impedance matching with high-gain and high-efficiency performance. This has been accomplished by optimizing the dimension of stepped waveguide apertures, metallic walls inside the feeding cavity, and dielectric material. Realized Gain(dB)
Co-pol 58GHz
Co-pol 60GHz Co-pol 62GHz X-pol 58GHz X-pol 60GHz X-pol 62GHz Ultimately, the antenna is designed with the size of 20×18×19 mm 3 . Fig.2 depicts the simulated reflection coefficient of the antenna. It can be seen that the simulated -10 dB bandwidths of the antenna is 9% from 57.3 to 62.7 GHz. The radiation pattern of the antenna in the E-and H-planes at three different frequencies 58, 60, 62GHz are shown in Figs. 3 and 4 . The half-power beamwidth, first sidelobe level, and antenna gain discrimination are shown in Table II as a function of the frequency. Moreover, the cross-polarization values are less than -27 dB in the two planes. The frequency behavior of the simulated gain is shown in Fig. 5 . It can be observed that the realized gain varies from 18.6 to 19.5 dB over the frequency band of 57.5 to 62.5 GHz.
IV. CONCLUSION
we have designed and studied a new structure of the waveguide antenna array for 60 GHz applications. In addition, we propose a new design where the radiating apertures of the waveguide is loaded with a dielectric material to increase Co-pol 58GHz Co-pol 60GHz Co-pol 62GHz X-pol 58GHz X-pol 60GHz X-pol 62GHz antenna gain and aperture efficiency. Reflection coefficient, gain, aperture efficiency, sidelobe and cross-polarization characteristics are studied. The simulated realized gain is higher than 18.5 dB over the entire operation bandwidth from 57.5 to 62.5 GHz, corresponding to sidelobe level less than -19dB.
